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The present invention relates generally to the combination of recombinant nw a - , u , 

ogies for developing novel therapeutic agents and, more panicuta^ mcnoc!onal ant,body t " chn * 

and their uses. more particularly, to the production of non-immunogenic antibodies 
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Background of the Invention 

i 

i e liZ!l^ tt 3 Z~!^™V S bY ^ ■ yP " °' Ce " S that in,era « «P««-ny with foreign material, 

ftl Tclud a wl ill ^ reSPOnSib ' e '° r m9 pfCdUC,ion of antibodies The second ceil class. 

l^^^^^T^ COntr0 " in9 action of both B-ce„s and a wide variety of 

One way in which T-cells exert this control is through the production of a lymphokine known as interleukin-2 (IL-2) 
* C8 " 1 9rOWth h f f 0r ' ^ P rime f ™«™ -PP-" ^ be the station and rnaintena^ce of T-tn ! 

!?SSSS^^ may be at me center of * e en,ire immune response Farrar - J ■ et 

To exert its biological effects, IL-2 .nteracts with a specific high-affinity membrane receptor (Greene W et al 
Progress ,n Hematolony XIV , Brown, Ed., Grune andStatton. New York (1 986), atpgs. 283(f). The human IL-2 receptor 

w * 7 T 7TrT fl,J S' D !S , one chain - knw,n as the Tac peptide - bein s about 55 * D in ^1*. 

W.. et al., J. Biol. Chem. 260:1672 (1965), which is incorporated herein by reference). A gene encodings protein 
has been isolated, and predicts a 272 amino acid peptide, including a 21 amino acid signal peptide (see, Leonard W 

I 3 ifrf— : , S2S ( , 1984)) - ^ 219 NH *- termina ' a ™° «** - *• *5 Tac protein apparentUmpX £ «1 
tracellular domain (see. Leonard, W., etal., Science. 230:633-639 (10£5)) 

r.«rIi UCh ° f ^ e,U f da !'f r V of *• numan ,L - 2 ™= W structure and function is due to the development of specifically 
reactive monoclonal ant.bod.es. In particular, one mouse monoclonal antibody, known as anti-Tac (Uchiyama et al J 
toOSL Jffi:l393 (1961)) has shown that IL-2 receptors can be detected on TceHs, but also on cells of the moni 
cyte-macrcphage amrfy, Kupffer cells of the liver. Langerhans' cells of the skin and. of course, activated T-cells Impor- 
tently, resfng T^ells, Brails or circulating machrophages typically do not display the IL-2 receptor (Herrmann, et al . J. 
cxp. Meo. i62 .T111 (1965)). ~* 

9nH ™ e an^-Tac 'nonodonal antibody has also been used to define lymphocyte functions that require IL-2 interaction 
and has been shown to ,nh.b.t various T-cell functions, including the generation of cytotoxic and suporessor T lym- 
phocytes ,n cell culture. Also, based on studies with anti-Tac and other antibodies, a variety cf disorders are now asso- 
ciated with improper IL-2 receptor expression by T-cells, in particular adult T-cell leukemia 

More recently, the IL-2 receptor has been shown to be an ideal target for novel therapeutic aporcaches to T-cell 
medateddiseases. It has been proposed that IL-2 receptor specific antibodies, such as the anti-Tac monoclonal antibody 
can be used either alone or as an immunoconjugate (e^ , with Ricin A, isotopes and the like) to effectively remove cells 
beanng the IL-2 receptor. These agents can, for example, theoretically eliminate IL-2 receptor-expressing leukemic cells, 
certain B-cells, or actrvated T-cells involved in a disease state, yet allow the retention of mature normal T-cells and their 
precursors to ensure the capability of mounting a normal T-cell immune response as needed. In general, most other 
T-cell specific agents can destroy essentially all peripheral T-cells. which limits the agents' therapeutic efficacy. Overall 
the use of appropriate monoclonal antibodies specific for the IL-2 receptor may have therapeutic utility in autoimmune 
d seases, organ transplantation and any unwanted response by activated T-cells. Indeed, clinical trials have been initi- 
ated using, ii, ant.-Tac antibodies (see. generally, Waldman. T. et al., Cancer Res. 45:625 (1 985) and Waldman T 

Science 232:727-732 (1966)). 

Unfortunately, the use of the anti-Tac and other non-human monoclonal antibodies have certain drawbacks partic- 
ularly in repeated therapeutic regimens as explained below. Mouse monoclonal antibodies, for example, do not fix human 
complement well, and lack other important immunoglobulin functional characteristics when used in humans 

Perhaps more importantly. anti-Tac and other non-human monoclonal antibodies contain substantial stretches of 
amino acid sequences that will be immunogenic when injected into a human patient. Numerous studies have shown 
that, after injection of a foreign antibody, the immune response elicited by a patient against an antibody can be quite 
s rong. essent.ally eliminating the antibody's therapeutic utility atteran initial treatment. Moreover, as increasing numbers 
of different mouse or other antigenic (to humans) monoclonal antibodies can be expected to be developed to treat 
various diseases, after the first and second treatments with any different non-human antibodies, subsequent treatments 
even for unrelated therapies can be ineffective or even dangerous in themselves. 

While the production of so-called "chimeric antibodies' (e.g.. mouse variable regions joined to human constant 
regions) (see, for example, W069/09622) has proven somewhat successful, a significant immunogenicity problem re- 
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' TntlnT IVT' Producti0n of human invnunoglcbulins reactive wrth the human IL-2 receptor, as with many human 
antigens, has been extremely difficult using typical human monoclonal antibody production technicues sSTT 

No. 0239400). prov.des uncertain results, in part due to unpredictable binding affinities "ei.cat.cn 
s Thus there is a need for improved forms of human-like immunoglobulins, such as those specific for the human . i o 

receptor, that are substantially non-^munogenic in humans, yet easily and economically pro^?™i^£ 

dons ZlZLT* io r and o,her uses - The present invention fuffi,,s mese and "Me*- ^ZZ^t 

S^^Tf f °m pl ememarity Determining Regions, abbreviated to -CDRs') of immunoglobu. ins wer at nal 
defined by Kabat at al.. ('Sequences of Proteins of .mmunological Interest' Kabat. E.. et al., U S Depar^em oTS 
£ 0?^" I'T! 8, (1 9S3)) baS6d ° n eXtent ° f Sequence variabilit * to c °™« of residues ^JHS^JS 
d!™i ?vT e ' 9h ^ 

S^T^'r 8 . W " f * Standard " Umbefin9 SySt8m '° r matK ^ amino acids - ^ C ° R * « be2ved to contit 
Oie arget antigen of an antibody and to be primarily responsible for binding. More recently Chothia et al ffihoSJS 
LesK 1 Mo . Bio... 196:901- 917 (1967)) have given an alternate definition^ of the Sin^^'S?^ 

The Chotha definrtion .s based on the residues that constitute the loops in the 3-dimensional struc uTes o antib Q di« 

r^KSS. - Hl (me first heavy chain cdr) - where the cho * ,a c °* — -2 

20 Rtechmann et al ("Reshaping human antibodies fortherapy', Nature Vol 332 nn w qcs /M^h ioccn w 

lostT^K h ^ *** H0WeVer ' f ° Und *» an contai ™9 the humanfzed h^w chl 

hJ S rnpT n9 f n,ty ^"^ 10 ' ySe ter9et CellS " ^ theretore made a new h!L,s«d antibody^aiSo 
^ theKabat CDRs from the mouse anfbody and two amino acid changes in Chothia CDR Hi, but no other nVouTLS 

Summary of the Invention 

30 ■ Th X^T ] ° n PrOVid6S thS USe °' 31 ' eaSt ° ne ^ acid substitution outside of complementarity determine re 
9 '°Z 1 ?u S) 35 defined by Kab3t 61 31 fences of Pra "ins of immunological Interest", ZSe TTusZ 

noS , 3 T Ced ? munc 9 ,obulin ' wherein ™« at least one amino acid substitution from the 
rec™ s Jn f 5 9 '° n 3 T ^ d ° n0r !mmunc S to °"»n. and in which humanized immunoglobulin the variable 
* SZunS hT^ 6 m ^ ^ CDR ' S CCmpnSeS 31 ' eaSt 70 amino acid residues ide ""<*' * an acceptor 
ma^rcS 

work"; e Tion h ln aSPe f ^ inVerti ° n 3 meth ° d ° f Pr ° dUCin9 3 h umanized immunoglobulin chain having a frame- 

work region from a human acceptor .mmuncglcbulin and complementarity determining regions (CDRs) from a donor 

« ZSS^S - ', 2 binding :° " an,i9er !- S3id meth ° d C ° mpriSin9 thS S,SPS °' luting at least one non CDR 
aT^i^ tn ,"! C 7 IOr ™ n °9 ,Cbulin ^ a corresponding amino acid from the donor immunoglobuHn 

at a position in the immunoglobulins where: 

lll^ 0 8dd !l Uma 2 ,rameW ° rk re9i ° n °' the acceptor immunoglobulin is rare for said position and the 
sequences o? am ' n ° " immunoglobulin is common for said position in human immunoglobulin 

(b) the amino acid is immediately adjacent to one of the CDR's; or 

» SZZ^IXZZS^ a side chain atcm ^ oi in,eractins wrth ^ e anti9en or ^ the CDR,s 

caJS^JT" ^"r 0 " Pr0VideS n0V !' COmpositions useful - example, in the treatment of T-cell medated human 
m S !% in , T S C ° a ' n K? "r 3 "" 1 ^ immun °9lobulins specifically capable of blocking the binding of hu- 
« cT LVT '^Tr"?^ C T b ' e °' J" 1 ''" 9 ,0 the PS5 T3C Pr0tein on human IL - 2 «*P««- Tne immunoglobulins 
co^o.1^! f h , 9 cha,n/hea 7 cha,n «nP'«t. typically at least one pair having chains comprising mouse 

cZ Z ? ? , 9 re9 '° nS U, !? ,0na,,y j ° ined t0 human ,ramework re 9 ion se 9ments. For example mouse 
EST ? de L efTn,nin ( 9 re9, ! n K t W,m ° r Wi,h0ut addi,iona ' naturally-associated mouse amino acid residues, can 
be used to produce human-like ant.bod.es capable of binding to the human IL-2 receptor at affinity .evete stronger tSn 
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about 10 a M" 1 . 

The immunoglobulins, including binding fragments and other derivatives thereof, of the present invention may be 
produced readily by a variety of recombinant DNA techniques, with ultimate expression in transfected cells, preferably 
immortalized eukaryotic cells, such as myeloma or hybridoma cells. Polynucleotides comprising a first sequence ceding 

5 for human-like immunoglobulin framework regions and a second sequence set coding for the desired immunoglobulin 
complementarity determining regions can be produced synthetically or by combining appropriate cDNA and genomic 
DNA segments. 

the human-like immunoglobulins may be utilized alone in substantially pure form, or complexed with a cytotoxic 
agent, such as a radionuclide, a ribosomal inhibiting protein or a cytotoxic agent active at cell surfaces. All of these 
10 compounds will be particularly useful in treating T-cell mediated disorders. The human-like immunoglobulins or their 
, complexes can be prepared in a pharmaceutical^ accepted dosage form, which will vary depending on the mode of 
administration. 

Methods for designing human-like immunoglobulin chains having one or more complementarity determining regions 
(CDR's) from a donor immunoglobulin and a framework region from a human immunoglobulin, may involve first corn- 
is paring the framework or variable region amino acid sequence of the donor immunoglobulin to corresponding sequences 
in a collection of human immunoglobulin chains, and selecting as the human immunoglobulin one of the more homolo- 
gous sequences from the collection. The human immunoglobulin, or acceptor immunoglobulin, sequence is typically 
selected from a collection of at least 10 to 20 immunoglobulin chain sequences, and usually will have the highest ho- 
mology to the donor immunoglobulin sequence of any sequence in the collection. The human immunoglobulin framework 
20 sequence will typically hava about 65 to 70% homology or more to the donor immunoglobulin framework sequences. 
The donor immunoglobulin may be either a heavy chain or light chain (or both), and the human collection will contain 
the same kind of chain. A humanized light and heavy chain can be used to form a complete humanized immunoglobulin 
or antibody, having two light/heavy chain pairs, with or without partial or full-length human constant regions and qther 
proteins. 

2S The humanized immunoglobulin chain will typically comprise at least about 3 amino acids from the donor immu- 

noglobulin in addition to the CDR's, usually at least one of which is immediately adjacent to a CDR in the donor immu- 
noglobulin. The heavy and light chains may each be designed by using any one or all three of the position criteria. 

When combined into an intact antibody, the humanized light and heavy chains of the present invention will be sub- 
stantially non-immunogenic in humans and retain substantially the same affinity as the donor immunoglobulin to the 

30 antigen (such as a protein or other compound containing an epitope). These affinity levels can vary from about 10 8 N/H 
or higher, and may be within about 4 fold of the donor immunoglobulin's original affinity to the antigen. 

BRIEF DESCRIPTION OF THE FIGURES 

35 Figure 1. Comparison of sequences of anti-Tac heavy chain (upper lines) and Eu heavy chain (lower lines). The 

1 -letter code for amino acids is used. The first amino acid on each line is numbered at the left. Identical amino acids in 
the two sequences are connected by lines. The 3 CDRs are underlined. Other amino acid positions for which the anti-Tac 
amino acid rather than the Eu amino acid was used in the humanized anti-Tac heavy chain are denoted by an *. 

Figure 2. Comparison of sequences of anti-Tac light chain (upper lines) and Ed light chain (lower lines). The sin- 
gle-Ietter code for amino acids is used. The first amino acid on each line is numbered at the left. Identical amino acids 
in the two sequences are connected by lines. The 3 CDRs are underlined. Other amino acid positions for which the 
anti-Tac amino acid rather than the Eu amino acid was used in the humanized anti-Tac heavy chain are denoted by an *. 

Figure 3. Nucleotide sequence of the gene for the humanized anti-Tac heavy chain variable region gene. The trans- 
lated amino acid sequence for the part of the gene encoding protein is shown underneath the nucleotide sequence. The 

45 nucleotides TCTAGA at the beginning and end of the gene are Xba I sites. The mature heavy chain sequence begins 
with amino acid #20 Q. 

Figure 4. Nucleotide sequence of the gene for the humanized anti-Tac light chain variable region gene. The trans- 
lated amino acid sequence for the' part of the gene encoding protein is shown underneath the nucleotide sequence. 
The nucleotides TCTAGA at the beginning and end of the gene are Xba I sites. The mature light chain sequence begins 
so with amino acid #21 D. 

Figure 5. A. Sequences of the four oligonucleotides used to synthesize the humanized anti-Tac heavy chain gene, 
printed 5' to 3*. B. Relative positions of the oligonucleotides. The arrows point in the 3' direction for each oligonucleotide. 

Figure 6. (A) Sequences of the four oligonucleotides used to synthesize the humanized anti-Tac light chain gene 
printed 5* to 3'. (B) Relative positions of the oligonucleotides. The arrows point in the 3' direction for each oligonucleotide. 

6 The position of a Hind III site in the overlap of JFD2 and JFD3 is shown. 

Figure 7. Schematic diagram of the plasmid pHuGTACI used to express the humanized anti-Tac heavy chain. 
Relevant restriction sites are shown, and ceding regions of the heavy chain are displayed as boxes. The direction of 
transcription from the immunoglobulin (Ig) promoter is shown by an arrow. E H = heavy chain enhancer, Hyg = hygromycm 



4 



EP 0 451 216 B1 

resistance gene. 

Figure 8. Schematic diagram of the plasmid pHuLTAC used to express the humanized anti-Tac light chain. Relevant 
restriction sites are shown, and coding regions of the light chain are displayed as boxes. The direction of transcription 
from the Ig promoter is shown by an arrow. 

Figure 9. Fluorocytometry of HUT-1 02 and Jurkat cells stained with anti-Tac antibody or humanized anti-Tac antibody 
followed respectively by fluorescein-conjugated goat anti-mouse Ig antibody or goat anti-human Ig antibody, as labeled. 
In each panel, the dotted curve shows the results when the first antibody was omitted, and the solid curve the results 
when first and second (conjugated) antibodies were inciuded as described. 

Figure 10. (A) Fluorocytometry of HUT-102 cells stained with 0-40 ng of anti-Tac, as indicated, then with bictinylated 
anti-Tac, and then with phycoerythrin-conjugated avidin. (B) Flurocytometry of HUT-102 cells stained with the indicated 
antibody, then with biotinyiated anti-Tac, and then with phycoerythrin-conjugated avidin. 

DETAILED DESCRIPTION OF THE INVENTION 

In accordance with one embodiment of the present invention, human-like immunoglobulins specifically reactive with 
desired epitopes, such as those on the IL-2 receptor on human T-cells, are provided. These immunoglobulins, which 
have binding affinities of at least about 10 8 rrr 1 , and preferably 10 9 M" 1 to 10 10 JvH or stronger, are capable of, e.a., 
blocking the binding of IL-2 to human IL-2 receptors. The human-like immunoglobulins will have a human-like framework 
and can have complimentary determining regions (CDR's) from an immunoglobulin, typically a mouse immunoglobulin, 
specifically reactive with an epitope on p55 Tac protein. The immunoglobulins of the present invention, which can be 
produced economically in large quantities, find use, for example, in the treatment of T-cell mediated disorders in human 
patients by a variety of techniques. 

The basic antibody strutural unit is known to comprise a tetramer. Each tetramer is composed of two identical pairs 
of polypeptide chains, each pair having one "light" (about 25kD) and one "heavy" chain (about 50-70kD). The NH 2 -ter- 
minus of each chain begins a variable region of about 100 to 110 or more amino acids primarily responsible for antigen 
recognition. The C00H terminus of each chain defines a constant region primarily responsible for effector function. 

Light chains are classified as either kappa or lambda. Heavy chains are classified (and subciassrfied) as gamma, 
mu, alpha, delta or epsilon, and define the antibody's isotype as IgG, IgM, IgA, IgD and IgE. respectively Within light 
and heavy chains, the variable and constant regions are joined by a "J" region of about 12 or more amino acids, with 
the heavy chain also including a "D" region of about 12 more amino acids. (See , generally , Fundamental Immunology , 
Paul, W., Ed., Chapter 7, pgs. 131- 166, Raven Press, N.Y. (1964)). 

The variable regions of each light/heavy chain pair form the antibody binding site. The chains all exhibit the same 
general structure of relatively conserved framework regions joined by three hypervariabie regions, also called CDR's 
(see , "Sequences of Proteins of Immunological Interest," Kabat E., et al., U.S. Department of Health and Human Serv- 
ices, (1963); and Chorthia and Lesk, J. Mol. Biol. , J96:901-917 (1967)). The CDR's from the two chains of each pair 
are aligned by the framework regions, enabling binding to a specific epitope. 

As used herein, the term "immunoglobulin* refers to a protein consisting of one or more polypeptides substantially 
encoded by immunoglobulin genes. The recognized immunoglobulin genes include the kappa, lambda, alpha, gamma, 
delta, epsilon and mu constant region genes, as well as the myriad immunoglobulin variable region genes. The immu- 
noglobulins may exist in a variety of forms besides antibodies; including, for example, Fv, Fab, and F(ab) 2 , as well as 
in single chains (ejj., Huston, et al., Proc. Nat. Acad. Sci. U.S.A.. 85:5579-5563 (1966) and Bird, et al., Science , 
242:423-426 (1968)). (See , generally , Hood, et al., "Immunology", Benjamin, N.Y., 2nd ed. (1964), and Hunkapiller and 
Hood, Nature. 323 :15-16 (1966)). 

Chimeric antibodies are antibodies whose light and heavy chain genes have been constructed, typically by genetic 
engineering, from immunoglobulin gene segments belonging to different species. For example, the variable (V) segments 
of the genes from a mouse monoclonal antibody may be joined to human constant (C) segments, such as and y 3 . A 
typical therapeutic chimeric antibody is thus a hybrid protein consisting of the V or antigen-binding domain from a mouse 
antibody and the C or effector domain from a human antibody (e.g. , A.T.C.C. Accession No. CRL 9658 secretes an 
anti-Tac chimeric antibody), although other mammalian species may be used. 

As used herein, the term framework region" refers to those portions of immunoglobulin light and heavy chain variable 
regions that are relatively conserved (re., other than the CDR's) among different immunoglobulins in a single species, 
as defined by Kabat, et al., oo. cit. As used herein, a "human-like framework region" is a framework region that in each 
existing chain comprise at least about 70 or more amino acid residues, typically 75 to 85 or more residues, identical to 
those in a human immunoglobulin. 

As used herein, the term "human-like immunoglobulin" refers to an immunoglobulin comprising a human-like frame- 
work and in which any constant region present is substantially homologous to a human immunoglobulin constant region, 
iSu, at least about-65-90%, preferably about 95% identical. Hence, all parts of a human-like immunoglobulin, except 
possibly the CDR's, are substantially homologous to corresponding parts of one or more native human immunoglobulin 



1 sequences. For example, a human-like immunoglobulin would net encompass a chimeric mouse variable region/human 
constant region antibody. 

In accordance with another general aspect of the present invention, also included are criteria by which a limited 
number of amino acids in the framework of a human-like or humanized immunoglobulin chain are chosen to be the same 
5 as the amino acids at those positions in the donor Ig rather than in the acceptor Ig, in order to increase the affinity of an 
antibody comprising the humanized immunoglobulin chain. 

This aspect of the present invention is based in part on the model that two contributing causes of the loss of affinity 
in prior means of producing humanized antibodies (using as examples mouse antibodies as the source of CDR's) are: 

to (1 ) When the mouse CDR's are combined with the human framework, the amino acids in the framework close to 

the CDR's become human instead of mouse. Without intending to be bound by theory, we believe that these changed 
amino acids may slightly distort the CDR's, because they create different electrostatic or hydrophobic forces than 
in the donor mouse antibody, and the distorted CDR's may not make as effective contacts with the antigen as the 
CDR's did in the donor antibody; 

*5 (2) Also, amino acids in the original mouse antibody that are close to, but not part of, the CDR's (Le.. still part of the 

framework), may make contacts with the antigen that contribute to affinity. These amino acids are lost when the 
antibody is humanized, because all framework amino acids are made human. 

To avoid these problems, and to produce humanized antibodies that have a very strong affinity for a desired antigen, 
20 the present invention uses the following four criteria for designing humanized immunoglobulins. These criteria may be 
used singly, or when necessary in combination, to achieve the desired affinity or other characteristics. 

Criterion I: As acceptor, use a framework from a particular human immunoglobulin that is unusually homologous to 
the donor immunoglobulin to be humanized, or use a consensus framework from many human antibodies. For example, 
comparison of the sequence of a mouse heavy (or light) chain variable region against human heavy (or light) variable 
25 regions in a data bank (for example, the National Biomedical Research Foundation Protein Identification Resource) 
shows that the extent of homology to different human regions varies greatly, typically from about 40% to about 60-70%. 
By choosing as the acceptor immunoglobulin one of the human" heavy (respectively light) chain variable regions that is 
most homologous to the heavy (respectively light) chain variable region of the donor immunoglobulin, fewer amino acids 
will be changed in going from the donor immunoglobulin to the humanized immunoglobulin. Hence, and again without 
30 intending to be bound by theory, it is believed that there is a smaller chance of changing an amino acid near the CDR's 
that distorts their conformation. Moreover, the precise overall shape of a humanized antibody comprising the humanized 
immunoglobulin chain may more closely resemble the shape of the donor antibody, also reducting the chance of distorting 
the CDR's. 

Typically, one of the 3-5 most homologous heavy chain variable region sequences in a representative collection of 
35 at least about 10 to 20 distinct human heavy chains will be chosen as acceptor ti provide the heavy chain framework, 
and similarly for the light chain. Preferably, one of the 1-3 most hembicgous variable regions will be used. The selected 
acceptor immunoglobulin chain will most preferably have at least about 65% homology in the framework region to the 
donor immunoglobulin. 

Regardless of how the acceptor immunoglobulin is chosen, higher affinity may be achieved by selecting a small 
& number of amino acids in the framework of the humanized immunoglobulin chain to be the same as the amino acids at 
those positions in the donor rather than in the acceptor. The following criteria define what amino acids may be so selected. 
Preferably, at most of all amino acid positions satisfying one of these criteria, the donor amino acid will in fact be selected. 

Criterion II: If an amino acid in the framework of the human acceptor immunoglobulin is unusual (re., "rare", which 
as used herein indicates an amino acid occurring at that position in no more than about 1 0% of human heavy (respectively 
*s light) chain V region sequences in a representative data bank), and if the donor amino acid at that position is typical for 
human sequences (Le^, "common", which as used herein indicates an amino acid occurring in at least about 25% of 
sequences in a representative data bank), then the donor amino acid rather than the acceptor may be selected. This 
criterion heips ensure that an atypical amino acid in the human framework does not disrupt the antibody structure. 
Moreover, by replacing an unusual amino acid with an amino acid from the donor antibody that happens to be typical 
for human antibodies, the humanized antibody may be made less immunogenic. 

Criterion III: In the positions immediately adjacent to the 3 CDR's in the humanized immunoglobulin chain, the donor 
amino acid rather than acceptor amino acid may be selected. These amino acids are particularly likely to interact with 
the amino acids in the CDR's and, if chosen from the acceptor, distort the donor CDR's and reduce affinity. Moreover, 
the adjacent amino acids may interact directly with the antigen (Amit et al. , Science , 233 , 747-753 (1 966)) and selecting 
55 these amino acids from the donor may be desirable to keep all the antigen contacts that provide affinity in the original 
antibody. 

Criterion IV: A 3-dimensional model, typically of the original donor antibody, shows that certain amino acids outside 
of the CDR's are close to the CDR's and have a good probability of interacting with amino acids in the CDR's by hydrogen 
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bonding, \ten der Waals forces, hydrophobic interactions, etc. At these amino acid positions, the donor amino acid rather 
than the acceptor immunoglobulin amino acid may be selected. Amino acids according to this criterion will generally 
have a side chain atom within about 3 angstrom units of seme site in the CDF's and must contain atoms that could 
interact with the CDR atoms according to established chemical forces, such as those listed above. Computer programs 
to create models of proteins such as-antibodies are generally available and well known to those skilled in the art (see, 
Loew et aL Int. J. Quant. Chem. , Quant. Biol. Svmo. . 25:55-56 {1 966); Bruccoien et aL Nature, 335, 564.56c (1 9SS); 
Chothia et aL Science , 233:755-756 (1986)). These do not form part of the invention. Indeed, because all antibodies 
have similar structures, the known antibody structures, which are available from the Brookhaven Protein Data Sank, 
can be used if necessary as rough models of other antibodies. Commercially available computer programs can be used 
to display these models on a computer monitor to calculate the distance between atoms, and to estimate the likelihood 
of different amino acids interacting (see. Ferrin et aL J. MoL Graphics, 6: 1 3-27 (1 963)). 

Humanized or human-like antibodies generally have at least three potential advantages over mouse or in some 
cases chimeric antibodies for use in human therapy: 

1 ) Because the effector portion is human, it may interact better with the other parts of the human immune system 
(e.g. , destroy the target cells more efficiently by complement- dependent cytotoxicity (CDC) or antibody-dependent 
cellular cytotoxicity (ADCC)). . 

2) The human immune system should not recognize the framework or constant region of the humanized antibody 
as foreign, and therefore the antibody response against such an injected antibody should be less than against a 
totally foreign mouse antibody or a partialiy foreign dhimeric antibody. 

3) Injected mouse antibodies have been reported to have a half-life in the human circulation much shorter than the 
half-life of normal antibodies (D. Shaw et aL J. Immunol. , 138 :4534-4536 (1S67)). Injected humanized antibodies 
will presumably have a half-life more similar to naturally occurring human antibodies, allowing smaller and less 
frequent doses to be given. 

The present invention is specifically directed to improved humanized immmunogiobuiins (e.g., capable of binding 
the human IL-2 receptor) with respect to those described in EPA publication no. 0239400. That application, the disclosure 
of which is excluded from coverage herein, describes, for certain immunoglobulins substituting CDR's regions in the 
light or heavy chain variable domains of an acceptor antibody with analogous parts of CDR's (typically solvent accessible) 
from an antibody of different specificity. Also, that application discusses, for certain immunoglobulins, the possibility of 
only transferring residues that are (solvent) accessible from the antigen binding site, which residues apparently may 
include certain framework regions (specifically, residues known to be involved in antigen binding as described in Amrt 
et a!.. Science 233: 747-753 (1 966) or perhaps residues essential for inter-chain interactions - but for the selection of 
which insufficient guidance is provided in that application). Thus, for example, a preferred embodiment of the present 
invention entails substituting entire CDR's and framework amino acids immediately adjacent one (or preferably each) 
of the CDR's. In general, any framework residue that also makes contact with the CDR's to, e.g., maintain their confor- 
mation (and usually their antigen binding specificity) are specifically included within preferred embodiments of the present 
invention as described in detail, suora . 

In one aspect, the present invention is directed to recombinant DNA segments encoding the heavy and/or light 
chain CDR's (typically with other amino acid residues as described above) from an immunoglobulin capable of binding 
to a desired epitope, such as on the human IL-2 receptor (e.g., the anti-Tac monoclonal antibody). The DNA segments 
encoding these regions will typically be joined to DNA segments encoding appropriate human-like framework regions. 
For example, the preferred DNA sequences, which on expression code for the polypeptide chains comprising the anti-Tac 
heavy and light chain hypervariable regions (with human-like framework regions), are shown in Figures 3 and 4, respec- 
tively. Due to ccdon degeneracy and non-critical amino-acid substitutions, other DNA sequences can be readily substi- 
tuted for those sequences, as detailed below. 

The DNA segments will typically further include an expression control DNA sequence operably linked to the hu- 
man-like antibody coding sequences, including naturally-associated or heterologous promoter regions. Preferably, the 
expression control sequences will be eukaryotic promoter systems in vectors capable of transforming or transfecting 
eukaryotic host cells, but control sequences for prokaryotic hosts may also be used. Once the vector has been incor- 
porated into the appropriate host, the host is maintained under conditions suitable for high level expression of the nu- 
cleotide sequences, and, as desired, the collection and purification of the light chains, heavy chains, light/heavy chain 
dimers or intact antibodies, binding fragments or other immunoglobulin forms may follow. 

Human constant region DNA sequences can be isolated in accordance with well known procedures from a variety 
of human cells, but preferably immortalized B-cells (see, Kabat oo. cit. and WP97/02671). For example, the human 
kappa immunoglobulin constant and J region genes and sequences are described in Heiter et al... Cell 22:197-207 
(1 960) and the nucleotide sequence of a human immunoglobulin C. /t gene is described in Ellison et al., Nucl. Acid. Res. 
10:4071 (1962). The CDR's for producing the immunoglobulins of the present invention will be similarly derived from 
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mcnccicnal antibodies capable of binding to the desired antigen (e.g., the human IL-2 receptor) and produced in any 
convenient mammalian source, including, mice, rats, rabbits, or other veterbrate capable of producing antibcdies by 
well known methods. Suitable source cells for the DNA seqences and host cells for immunoglobulin expression and 
secretion can be obtained from a number of sources, such as the American Type Culture Collection ('Catalogue of Ceil 
Lines and Hybridomas,' Fifth edition (1985) Rccicville, Maryland, U.S.A.). 

In addition to the human-like imunoglobulins specifically described herein, other "substantially homologous' modified 
immunoglobulins can be readily designed and manufactured utilizing various recombinant DNA techniques well known 
to those skilled in the art. For example, for the IL-2 receptor immunoglobulins the framework regions can vary from the 
sequences in Figures 3 and 4 at the primary structure level by several amino acid substitutions, terminal and intermediate 
additions and deletions, and the like. Moreover, a variety of different human framework regions may be used singly or 
in combination as a basis for the human-like immunoglobulins of the present invention. In general, modifications of the 
genes may be readily accomplished by a variety of well-known techniques, such as site-directed mutagenesis (see, 
Giilman and Smith, Gen 8:81-97 (1979) and Roberts, S. et ai, Nature 329 -731-734 (1987)). Alternatively, polypeptide 
fragments comprising only a portion of the primary antibody structure may be produced, which fragments possess one 
or more immunoglobulin activities (e.g. , complement fixation activity). Also because like many genes, the immunoglob- 
ulin-related -genes contain separate functional regions, each having one or more distinct biological activities, the genes 
may be fused to functional regions from other genes (e.g. , enzymes) to produce fusion proteins (e.g. , immunotoxins) 
having novel properties. 

The nucleic acid sequences of the present invention capable of ultimately expressing the desired human-like anti- 
bodies can be formed from a variety of different polynucleotides (genomic or cDNA, RNA, synthetic oligonucleotides, 
etc.) and components. (e^, V J, D, and C regions), as well as by a variety of different techniques. Joining appropriate 
genomic sequences is presently the most common method of production, but cDNA sequences may also be utilized 
(see , European Patent Publication No. 0239400 and Reichmann, L, et a!., Nature 332:323-327 (19S8)). 

As stated previously, the DNA sequences will be expressed in hosts after the sequence have been operably linked 
to (i.e. , positioned to ensure the functioning of) an expression control sequence. These expression vectors are typically 
replicable in the host organisms either as episcmes or as an integral part of the host chromosomal DNA. Commonly, 
expression vectors will contain selection markers, e.g. , tetracycline or neomycin, to permit detection of those cells trans- 
formed with the desired DNA sequences (see , e.g. , U.S. Patent 4,704,362). 

E. coli is one prokaryotic host useful particularly for cloning the DNA sequences of the present invention. Other 
microbial hosts suitable for use include bacilli, such as Bacillus subtilis , and other entercbacteriaceae, such as Salmo- 
nella . Serratia, and various Pseudomonas soecies. In these prokaryotic hosts, one can also make expression vectors, 
which will typically contain expression control sequences compatible with the host ceil (e.g. , an origin of replication). In 
addition, any number of a variety of well-known promoters will be present, such as the lactose promoter system, a 
tryptophan (tip) promoter system, a beta-lactamase promoter system, or a promoter system from phage lambda. The 
promoters will typically control expression, optionally with an operator sequence, and have ribosome binding site se- 
quences and the like, for initiating and completing transcription and translation. 

Other microbes, such as yeast, may also be used for expression. Saccharomvces is a preferred host, with suitable 
vectors having expression control sequences, such as promoters, including 3-phosphogtycerate kinase or other glyco- 
lytic enzymes, and an origin of replication, termination sequences and the like as desired. 

In addition to microorganisms, mammalian tissue cell culture may also be used to express and produce the polypep- 
tides of the present invention (see , Winnacker, 'From Genes to Clones," VCH Publishers, NX N.Y. (1987)). Eukaryotic 
cells are actually preferred, because a number of suitable host cell lines capable of secreting intact immunoglobulins 
have been developed in the art. and include the CHO cell lines, various COS cell lines, HeLa cells, myeloma cell lines, 
etc, but preferably transformed B-cells or hybriccmas. Expression vectors for these cells can include expression control 
sequences, such as an origin of replication, a prcmoter, an enhancer (Queen, C. , et al. , Immunol. Rev. 89:49-68 (1 986)). 
and necessary processing information sites, such as ribosome binding sites, RNA splice sites, poiyadenylation sites, 
and transcriptional terminator sequences. Preferred expression control sequences are promoters derived from SV40 
with enhancer (see, Mulligan and Berg, Science 209 :1422-1427 (1960), an immunglobulin gene, Adenovirus, Bovine 
Papilloma Virus, and the like. 

The vectors containing the DNA segments of interest (e.g. , the heavy and tight chain encoding sequences and 
expression control sequences) can be transferred into the host cell by well-known methods, which vary depending on 
the type of cellular host. For example, calcium chloride transfection is commonly utilized for prokaryotic cells, whereas 
calcium phosphate treatment or electroporaticn may be used for other cellular hosts. (See , generally , Maniatis, et al., 
Molecular Cloning: A Laboratory Manual , Cold Spring Harbor Press, (1982)). 

Once expressed the whole antibodies, their dimers, individual light and heavy chains, or other immunoglobulin 
forms of the present invention can be purified according to standard procedures of the art, including ammonium sulfate 
precipitation, affinity columns, column chromatography, gel electrophoresis and the like (see , generally , Scopes, R., 
Protein Purification, Springer-Verlag, N.Y. (1952)). Substantially pure immunoglobulins of at least about 90 to 95% 
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homogeneity are preferred, and 9S to 99% or more homogeneity most preferred, for pharmaceutical uses. Once purified 
partially or to homogeneity as desired, the polypeptides may then be used therapeutically (including extracorporeal^) 
or in developing and performing assay procedures, immunofluorescent stainings. and the like^ (SfifrflSSSLjSj 
nni noical Methods. Vols. I and II. Lefkovits and Pemis. ads.. Academic Press. New York. N.Y. (1979 and 981)). 

ThelL-2receptorspecific antibodies exemplified in the present invention will typically, find use indrvidually in treating 

aT-cell mediated disease state. Generally, where the cell linked to a disease has been identified as IL-2 receptor bearing, 
then the human-like antibodies capable of blocking the binding of IL-2 to the human IL-2 receptor are surtable. For 
examole typical disease states suitable for treatment include graft versus host disease and transplant reaction in pa- 
tients undergoing an organ transplant, such as heart, lungs, kidneys, liver, etc. Other diseases include autoimmune 
. diseases, such as Type I diabetes, multiple sclerosis, rheumatoid arthritis, systemic lupus erythematosus, and myasthe- 

11,3 ^Human-like antibodies of the present invention may also be used in combination with other antibodies, partic- 
ularly human monoclonal antibodies reactive with other markers on cells responsible for the disease. For example 
suitable T-cell markers can include those grouped into the so-called 'Clusters of Dtf erentiafon, as named by 'the Fjrst 
international Leukocyte Differentiation Workshop. Leukocyte Typing. Bernard, etal.. Eds.. Spnnger-Verlag. ^( 9=4). 

The antibodies can also be used as separately administered compositions given .n conjunction with chemothera- 
peutic or immunosuppressive agents. Typically, the agents will include cyclosporin A or a P"™ ana c »gi 
otrexate. 6-mercaptopurine, or the like), but numerous additional agents (ej., cyclophosphamide, predmsone. etc.) 
well-known to those skilled in the art may also be utilized. 

A preferred pharmaceutical composition of the present invention comprises the use of. the subject ant.bod.es n 
immunotoxins. Immunotoxins are characterized by two components and are particularly useful for kiilmg selected cells 
in vitro or in vivo. One component is a cytotoxic agent which is usually fatal to a cell when attached or absorbed. Tta 
Tec^nd comprint, known as the 'delivery vehicle,' provides a means for delivering the toxic agent to a particular eel 
tvoe such is cells comprising a carcinoma. The two components are commonly chemically bended together by any ot 
a variety of well-known chemical procedures. For example, when the cytotoxic agent is a protein and the seconc ! com- 
ponent is an intact immunoglobulin, the linkage may be by way of hetercbifunctional cross-hnkers, <LS_ SPDP. eartoo- 
diimide glutaraldehyde. or the like. Production of various immunotoxins is well-known with the art. and can .be founo. 
for example in 'Monoclonal Antibody-Toxin Conjugates: Aiming the Magic Bullet,' Thorpe et al. Monoclonal Antibodies 
in Cli nical Medicine , Academic Press, pp. 168-190 (1SS2). 

A variety of cytotoxic agents are suitable for use in immunotoxins. Cytotoxic agents can include rad.onucl.des. such 

as lcdine-131, Yttrium-90. Rhenium-iSS, and Bismuth-212; a number of chemotherapeutic drugs, such as vindes.ne 
methotrexate, adriamycin. and cisplatin; and cytotoxic proteins such as ribosomal inhibiting protem hke pokeweed 
2 Lira, protein, Pseuoomonas exotoxin A, ricin, diphtheria toxin, ric:n A chain etc., or an agent active a the c e urface 
such as me phospholipase enzymes ^ phospholipase, (See. generally. 'Ch.menc Toxins, Olsnes and Ph.l. PJ^ 
mac. Ther. 25:355-381 (1962). and 'Monoclonal Antibodies for Cancer Detection and Therapy, eds. Baldwin and 
Bvers DD 159-179, 224-266, Academic Press (1965)). 

The delivery component of the immunotoxin will include the human-like immunoglobulins of the present .nventiorv 
uJ£S£Z££ or their binding fragments, such as Fab, are preferably used. 

immunotoxins will be of me human IgM or IgG isotype, but other mammalian constant reg.ons may »f^<??£ 
The human-like antibodies and pharmaceutical compositions thereof of this invenfon are part.cu.ari ^usefu Uor 
oarenteral administration i e . subcutaneously. mtramuscularly or intravenously. The composrtions for parenteral aa 
SSSXZ^Z^ a solution of the antibody or a cocktail thereof evolved 
preferab^ an aqueous carrier. A variety of aqueous carriers can be used, e^, water, buffered water. 0.4 satin* 0.3 1 /o 
gycine and the like. These solutions are sterile and generally free of particulate matter. These '<™P°*«°™™£* 
s e ilized by conventional, well known sterHization techniques. The compositions may contain ^^ceuu^ acce^ 
able auxiliary substances as required to approximate physiological conditions such as pH adjusting and buttering agents, 
fo^ 

lodium lactate etc The concentration of antibody in these formulations can vary widely. from less than abot £ 
usually at or at least about 1 % to as much as 1 5 or 20% by weight and will be selected primarily based on flu.d volumes, 
viscosities etc in accordance with the particular mcde of administration selected. 

Thus a typical pharmaceutical composition for intramuscular injection could be made upt to conta.n 1 ml sterrie 
buffered water and 50 mg of antibody. A typical composition for intravenous infusion could be made up to contain Z50 
S oTsferl Ringer's solution, and 150 mg of antibody. Actual methods for preparing parenteral* admin.strable compo- 
l^St^SL or apparent to those skilled in the art and are described in more detail in. for example. Remjnotons 
Pharmaceuti cal Science 15th ed., Mack Publishing Company, Eastcn, Pennsylvania (19E0). 

The antibodies of this invention can be lyophilized for storage and reconstituted in suitable carrier prior to use. This 

technioue has been shown to be effective with conventional immune globulins and art-known lyoph.hzation and recon- 
^XZXZcn* employed. It will be apprecated by those skilled in the art that lyophilization and reconst.tut.on 



-an lead to varying degrees of antibody activity loss (e.g. , with conventional immune globulins, IgM antibodies tend to 
nave greater activity loss than IgG antibodies) and that use levels may have to be adjusted to compensate. 

The compositions containing the present human-like antibodies or a cocktail thereof can administered for prophy- 
lactic and/or therapeutic treatments. In therapeutic application, compositions are administered to a patient already suf- 
fering from a disease, in an amount sufficient to cure or at least partially arrest the disease and its complications. An 
amount adequate to accomplish this is defined as a therapeutically effective dose.' Amounts effective for this use will 
depend upon the severity of the infection and the general state of the patient's own immune system, but generally range 
from about 1 to about 200 mg of antibody per dose, with do sages of from 5 to 25 mg per patient being more commonly 
used. It must be kept in mind that the materials of this invention may generally be employed in serious disease states, 
that is life-threatening or potentially life-threatening situations. In such cases,, in view of the minimization of extraneous 
substances and the lower probability of foreign substance* rejections which are achieved by the present human-like 
antibodies of this invention, it is possible and may be felt desirable by the treating physician to administer substantial 
excesses of these antibodies. 

In prophylactic applications, compositions containing the present antibodies or a cocktail thereof are administered 
to a patient not already in a disease state to enhance the patient's resistance. Such an amount is defined to be a 
•prophylactically effective dose." In this use, the precise amounts again depend upon the patients state of health and 
general level of immunity, but generally range from 0. 1 to 25 mg per dose, especially 0.5 to 2.5 mg per patient A preferred 
prophylactic use is for the prevention of kidney transplant rejection. 

Single or multiple administrations of the compositions can be carried out with dose levels and pattern being selected 
by the treating physician. In any event, the pharmaceutical formulations should provide a quantity of the antibody(ies) 
of this invention sufficient to effectively treat the patient. 

Human-like antibodies of the present invention can further find a wide variety of utilities in vitro . By way of example, 
the exemplary antibodies can bQ utilized for T<ell typing, for isolating specific IL-2 receptor bearing cells or fragments 
of the receptor, for vaccine preparation, or the like. 

For diagnostic purposes, the antibodies may either be labeled or unlabeled. Unlabeled antibodies can be used in 
combination with other labeled antibodies (second antibodies) that are reactive with the human-like antibody, such as 
antibodies specific for human immunoglobulin constant regions. Alternatively, the antibodies can be directly labeled. A 
wide variety of labels may be employed, such as radionuclides, fluors, enzymes, enzyme substrates, enzyme cofactors, 
enzyme inhibitors, ligands (particularly haptens), etc. Numerous types of immunoassays are available and are well 
Known to those skilled in the art 

Kits can also be supplied for use with the subject antibodies in the protection against or detection of a cellular activity 
or for the presence of a selected antigen. Thus, the subject antibody composition of the present invention may be 
provided, usually in a lyophiiized form in a container, either alone or in conjunction with-additional antibodies specific 
for the desired cell tyre. The antibodies, which may be conjugated tc a label or toxin, or unconjugated, are included in 
the kits with buffers, such as Tris, phosphate, carbonate, etc., stabilizers, biocides, inert proteins, e.g. , serum albumin, 
or the like, and a set of instructions for use. Generally, these materials will be present in less than about 5% wt based 
cn the amount of active antibody, and usually present in total amount of at least about 0.001% wt. based again on the 
antibody concentration. Frequently, it will be desirable to include an inert extender or excipient to dilute the active ingre- 
dients, where the excipient may be present in from about 1 to 99% wt. of the total composition. Where a second antibody 
capable of binding to the chimeric antibody is employed in an assay, this will usually be present in a separate vial. The 
second antibody is typically conjugated to a label and formulated in an analogous manner with the antibody formulations 
described above. 

The following examples are offered by way of illustration, not by limitation. 
EXPERIMENTAL 

Design of genes for human-like Haht and heavy chains 

The sequence of tne human antibody Eu (Sequences of Proteins of Immunological Interest, Kabat, E., et al., U.S. 
Dept. of Health and Human Services. 19=3) was used to provide the framework of the humanized antibody, because 
the amino acid sequence of the heavy chain of anti-Tac is more homologous to the heavy chain of this antibody than to 
any other heavy chain sequence in the National Biomedical Foundation Protein Identification Resource. 

To select the sequence of the humanized heavy chain, the anti-Tac heavy chain sequence was aligned with the 
sequence of the Eu heavy chain (Figure 1). At each position, the Eu amino acid was selected for the humanized se- 
quence, unless that position fell in any one of the following categories, in which case the anti-Tac amino acid was selected. 

(1) The position fell within a complementarity determining region (CDR), as defined by Kabat, et a!., oo. cit. (amino 
acids 31-35, 50-65, 99-106); 
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(2) The Eu amino acid was unusual for human heavy chains at that position, whereas the anti-Tac amino acid was 

typical tor human heavy chains at that position (amino acids 27, 93. 95. 96. 107-109 111) ■ 

icl* 30 ? S 67)^ immediately adiacent 10 a CDR in tne «*» acid 8ec ^"« of the anti-Tac heavy chain (amine 

(4) i 3-dimensional modeling of the anti-Tac antibody suggested that the amino acid was physically close to the 
antigen binding region (amino acids 48 and S3). 

Some amino acids fell in more than one of these categories but are only listed in one 

o Ts LtS? s ^ ( E I am,n ° 8dd ^ Se ' eCted 31 each position ' 0,11688 tne P 08 * 0 " a ^in fell into one 

of the categones (1 ) - (4). (with light chain replacing heavy chain in the category definitions): 

(1 ) CORs (amino acids 24-34. 50-56. 39-97). 

(2) Anti-Tac amino acid more typical than Eu (amino acids 43 and 63) 

(3) Adjacent to CORs (no amino acids; Eu and anti-Tac were already the same at all these positions) 

(4) Possible 3-dimensional proximity to binding region (amino acid 60). 

The actual nucleotide sequence of the heavy (Figure 3) and light chain (Figure 4) genes were selected as follows: 
(1 ) the nucleotide sequences code for the amino acid sequences chosen as described above 

!?tf *? k? S ! Seque ™T me nUde0tide sec 5 uences f °' a leader (signal) sequence, namely the leader 
o the Ugh, chain of the ant,body MOPC 63 and the leader of the heavy chain of the antibody PCH 1 06A (r^bat e 
al., oo. crt.). These leader sequences were chosen as typical of antibodies 

(3) 3" of the coding sequences, the nucleotide sequences are the sequences that follow the mouse light chain J= 

*?7h T T 86 Chai " J2 Se9ment ***** are part of the anti - Tac sequences. These sequences are 
included because they contain splice donor signals. 

Tve'ctor 3 * ° f SeqUenC8 ^ ^ ' SitS 10 a " 0W CUttin9 31 thS ' Sit6S and Ctonin9 int0 the Xba 1 site of 



Construction of humanized light and heavy chain oenes 

To synthesize the heavy chain, four oligonucleotides HES12, HES13, HES1 4, HES15 (Figure 5A) were synthesized 
using an Applied Biosys.ems 3E0B DNA synthesser. Two of the o,i S onucleot,ces are pari of each s Jd ofC heavy 
chain, and each oligonucleotide overlaps the next one by about 20 nucleotides to allow annealing (Figure 5B) Together 
the oligonucleotides cover the entire humanized heavy chain (Figure 3) with a few extra nucleotides at each end to allow 
cutting at the Xba I sites. The oligonucleotides were purified from polyacrylamide gels 

Each oligonucleotide was phosphorylated using ATP and T4 polynucleotide kinase by standard procedures (see 
Maniafs go. c£). To anneal the phosphorylated oligonucleotides, they were suspended together in 40 ul of TA (23^A 
Tns acetate pH 7 9. 66 mM potassium acetate. 10 mM magnesium acetate) at a concentration of about 3.75 uM each 
1„1 . J* 4 ™ d C0 °' ed Sl ° W,y 10 4 " C - T ° 8vnthesize complete gene from the oligonucleotides by 
volum MOO ! ° PPOS,te Strand * e3Ch ° li9 ° nUCle0tide (Fi 9 ure 5B >' toltowin 9 components were added in a final 



10 uJ 

0.16 mM each 

0.5 mM 

0.5 mM 
100 ug/ml 

3.5 jxg/ml 
25 u.g/ml 
25 jig/ml 



annealed oligonucleotides 

deoxy ribonucleotide 

ATP 

DTT 

BSA 

T4 g43 protein (DNA polymerase) 

T4 g44/62 protein (polymerase accessory protein) 

45 protein (polymerase accessory protein) 



res , hT T waS ^ CUbated at 37 C '°/ 30 min - ^n 10 U of T4 DNA ligase was added and incubation at 37 «C 
resumed for 30 m The polymerase and hgase were inactivated by incubation of the reaction at 70 'C tor 15 min. To 

^ £IL , nV 6 f V add8d 50 * ° f 28 TA Containin 9 BSA at 200 MOW and DTT at 1 mM. 43 
ul of water, and 50 U of Xba I in 5 The reaction was incubated for 3 hr at 37 'C. and run on a gel. The 431 bp Xba I 

fragmentwaspunfiedfromagelandclonedhtotheXbalsiteo»me P lasmid P UCl9bystandardmethods FourpLnids 
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isolates were purified and sequenced using the dideoxy method. One of these had the correct sequence (Figure 3). 

To synthesize the light chain, four oligonucleotides JFD1 , JFD2. JFD3, JFD4 (Figure 6A) were synthesized, ~wo of 
the oligonucleotides are part of each strand of the light chain, and each ologonucleotide overlaps the next one by acout 
20 nucleotides to allow annealing (Figure 63). Together, the oligonucleotides cover the entire humanized light chain 
s (Figure 4) with a few extra nucleotides at each end to allow cutting at the Xba I sites. The oligonucleotides were purified 
from polyacrylamide gels. 

The light chain gene wad synthesized from these olignucleotides in two parts. 0.5 \ig each of JFD1 and JFD2 were 
combined in 20 jil sequenase buffer (40 mM Tris-HCI, pH 7.5, 20 mM magnesium chloride, 50 mM sodium chloride), 
heated at 70 °C for 3 min and allowed to cool slowly to 23 deg in order for the oligonucleotides to anneal. JFD3 and 

to JFD4 were treated in the same way. Each reaction was made 10 mM in DTT and 0.5 mM in each deoxyribonucleotide 
and 6.5 U of sequenase (US Biochemicals) was added, in a final volume of 24 |il, and incubated for 1 hr at 37 9 C to 
synthesize the opposite strands of the oligonucleotides. Xba I and Hind III were added to each reaction to digest the 
DNA (there is a Hind III site in the region where JFD2 and JFD3 overlap and therefore in each of the synthesized DNAs; 
Figure 6B). The reactions were run on polycrytamide gels, and the Xba I - Hind III fragments were purified and cloned 

i$ into pUCl8 by standard methods. Several plasmid isolates for each fragment were sequenced by the dideoxy method, 
and correct ones chosen. 

Construction of olasmids to express humanized lioht and heavy chains 

20 The heavy chain Xba I fragment was isolated from the pUCI9 plasmid in which it had been inserted and then inserted 

into the Xba I site of the vector pVyt in the correct orientation by standard methods, to produce the plasmid pHuGTACl 
(Figure 7). This plasmid will express high levels of a complete heavy chain when transfected into an appropriate host cell. 

The two light chain Xba I - Hind III fragments were isolated from the pUC1 S plasmids in which they had been inserted. 
The vector plasmid pVict was cut with Xba I, dephosphoryiated and ligated with the two fragments by standard methods. 

25 The desired reaction product has the circular form: vector - Xba I - fragment 1 - Hind III - fragment 2 - Xba I - vector. 
Several plasmid isolates were analyzed by restriction mapping and sequencing, and one with this form chosen. This 
plasmid, pHuLTAC (Figure 8), therefore contains the complete humanized light chain (Figure 4) and will express high 
levels of the light chain when transfected into an appropriate host cell. 

30 Synthesis and affinity of humanized antibody 

The plasmids pHuGTACl and pHuLTAC were transfected into mouse Sp2/0 cells, and ceils that integrated the plas- 
mids were selected on the basis cf resistance to mycophenclic acid and/or hygrcmycin B conferred by the gpt and hyg 
genes on the plasmids (Figures 7,5) by standard methods. To verify that these cells secreted antibody that binds to the 

& IL-2 receptor, supernatant from the cells was incubated with HUT-1 02 cells that are known to express the IL-2 receptor. 
After washing, the cells were incubated with fluorescein-conjugated goat anti-human antibody, washed, and analyzed 
for fluorescence on a FACSCAN cytofluorcmeter. The results (Figure 9A), clearly show that the humanized antibody 
binds to these cells, but not to Jurkat T<ells that do not express the IL-2 receptor (Figure 9D). As controls, the original 
mouse anti-Tac antibody was also used to stain these ceils (Figure 9B,C), giving similar results. 

to For further experiments, cells producing the humanized antibody were injected into mice, and the resultant ascites 

collected. Humanized antibody was purified to substantial homogeneity from the ascites by passage through an affinity 
column of goat anti-human immunoglobulin antibody, prepared on an AffigeMO support (Bio-Rad Laboratories, Inc., 
Richmond, CA) according to standard techniques. To determine the affinity of the humanized antibody relative to the 
original anti-Tac antibody, a competitive binding experiment was perforded. About 5 x 10 s HUT-1 02 cells were incubated 

& with known quantities (10-40 ng) of the anti-Tac antibody and the humanized anti-Tac antibody for 10 min at 4 a C. Then 
100 ng of biotinylated anti-Tac was added to the cells and incubated for 30 min at 4 °C. This quantity of anti-Tac had 
previously been determined to be sufficient to saturate the binding sites on the cells, but not to be in large excess. Then 
the cells were washed twice with 2 ml of phosphate buffered saline (PBS) containing 0.1% sodium azide. The cells were 
then incubated for 30 min at 4 8 C with 250 ng of phycoerythrin-conjugated avidin, which oound to the biotinylated anti-Tac 

so already bound to the cells. The cells were washed again as above, fixed in PBS containing 1% paraformaldehyde, and ^ 
analyzed for fluorescence on a FACSCAN cytofluorometer. 

Use of increasing amounts (10-40 ng) of the anti-Tac antibody as competitor in the first step decreased the amount 
of biotinylated anti-Tac that could bind to the cells in the second step, and therefore the amount of phycoerythrin-con- 
jugated avidin that bound in the last step, thus decreasing fluorescence (Figure 10A). Equivalent amounts (20 ng) of 

55 anti-Tac, and humanized anti-Tac used as competitor decreased the fluorescence to approximately the same degree 
(Figure 10B). This shows that these antibodies have approximately the same affinity (within 3 to 4 fold), because if one 
had much greater affinity, it would have more effectively competed with the biotinylated anti-Tac. thus decreasing fluo- 
rescence more. 
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Biclcoical orooerties of the humanized antibody 



Fcr optimal use in treatment of human disease, the humanized antibody should be able to destroy T-ceits in the 
body that express the IL-2 receptor. One mechanism by which antibodies may destroy target calls is antibcdy-decencent 
cell-mediated cytotoxicity, abbreviated ADCC (Fundamental Immunology , Paul, W., Ed., Raven Press. New York 
(1 9S4), at pg. 63 1 ) t in which the antibody forms a bridge between the target cell and an effector cell such as a macrophage 
that can lyse the target. To determine whether the humanized antibody and the original mouse anti-Tac antibody can 
mediate ADCC, a chromium release assay was performed by standard methods. Specifically, human leukemia HUT-102 
cells, which express the IL-2 receptor, were incubated with 5l Cr to allow them to absorb this radionuclide. The HUT-102 
cells were then incubated with an excess of either anti-Tac or humanized anti-Tac antibody. The HUT-102 ceils were 
next incubated for 4 hrs with either a 30:1 or 100:1 ratio of effector cells, which were normal purified human peripheral 
blood mononuclear cells that had been activated by incubation fcr about 20 hrs with human recombinant IL-2. Release 
of 51 Cr. which indicated lysis of the target HUT-102 cells, was measured and the background subtracted (Table 1). The 
results show that at either ratio of effector ceils. anti-Tac did not iyse a significant number of the target cells (less than 
5%). while the humanized antibody did (more than 20%). Hence, the humanized antibody is likely to be more efficacious 
than the original mouse antibody in treating T-cell leukemia cr other T-cell mediated diseases. 



TABLE 1 



Percent 51 Cr release after ADCC 


Effector Target ratio 




30:1 


100:1 


Antibody 






Anti-Tac 

Humanized anti-Tac 


4% 
24% 


< 1% 
23% 



From the foregoing, it will be appreciated that the human-like immunoglobulins of the present invention offer nu- 
merous advantages of other antibodies. For example, in comparison to anti-Tac mouse mcnccicnal antibodies, the 
present human-like IL-2 receptor immunoglobulins can be more economically produced and contain substantially less 
foreign amino acid sequences. This reduced likelihood of antigenicity after injection into a human patient represents a 
significant therapeutic improvement for immunoglobulins designed in accordance with the above criteria. 



Claims 

1. The use of at least one amino acid substitution outside of complementarity determining regions (CDR's) as defined 
by Kabat et al ("Sequences of Proteins of Immunological Interest', Kabat, E., et al„ US Department of Health and 
Human Services, (1963)) together with Chothia et ai (Chothia and Lesk. J. Mcl. Biol.. 196:901-917 (1987)) in the 
production of a humanized immunoglobulin, wherein said amino acid substitution is from the non-CDR variable 
region of a non-human donor immunoglobulin, and in which humanized immunoglobulin the variable region amino 
acid sequence other than the CDR's comprises at least 70 amino acid residues identical to an acceptor human 
immunoglobulin variable region amino acid sequence, and the CDR's are from the variable region of said non-human 
donor immunoglobulin. 

2. A use according to claim 1, wherein said humanized immunoglobulin is specifically reactive with p55 Tac protein, 
is capable of inhibiting binding of human tnterleukin-2 (IL-2) to a human IL-2 receptor, or is capable of binding to a 
human IL-2 receptor. 

3. A use according to claim 2, wherein said humanized immunoglobulin exhibits a binding affinity to a human IL- 2 
receptor of about 10 8 M -1 or stronger. 

4. A use according to claim 2 or claim 3, wherein the mature light and heavy variable region protein sequences of said 
humanized immunoglobulin are homologous to the mature protein sequences in Figures 3 and 4. 

5. A use according to any one of claims 1 to 4, wherein said humanized immunoglobulin is an IgG, immunoglobulin 
isotype. 
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6. A use according to any one of claims 1 to 5. wherein said substitution is immediately adjacent a COR 

7 ' l™£lto^L a ^ munc 9 lc °"»n chain having a framework region frcm a human accentor 
o TZtn JZ? C ° mp ' ementarft y fining regions (CORs, from a donor immunoglobulin capable of bindinc 
Zl^v ^1 ° d COmpriSin9 SUb8titU,in 9 at ,easJ ™ "a™""* «*» acid of the acTe^or 

Z wSre 3 C ° freSPOndin9 ■*» «* **» i^unoglcbulh at a position in the imn£3£ 

£ ^rr^nH^ ln me h "T f [ 3meW0ri< re9icn 0f 1,16 «W immunoglobulin is rare for said position and 
uTs^nc* o' 3 " 11 " 030 ' d,nthedCn0rimm ^*i5 common for said position in human immunogS, 

(b) the amino acid is immediately adjacent to one of the CDRs; or 

££ t^l^z^:. side ch " atcm e - bb of ^ wrth - or - - 

8 " b^am^ST^rf 7 ' Wh6rein ^ 31 ' eaSt °' said non - CDR Jramew °* amino acds substituted 
by amino acids frcm the donor immunoglobulin chosen by criteria (a), (b) or (c). 

9 ' ^cSo'a C?R 9 10 d3im 8 ' Wherei " 31 16351 ° f ^ ^ acids substituted f ™ *** * Mediately 

cf sa,d humamzed .immunoglobulin are homologous to the mature P rotein secuences in Figures 3^1 
11. A humanized immunoglobulin chain obtainable by a use according to any one of claims 1 to 6. 

2. A humanized immunoglobulin chain obtainable by a method according to any one of claims 7 to 10. 
13. A humanized immunoglobulin in which the heavy and light chains are chains according to claim 11 or claim 12. 

4 ' ^Ts^fJuT S ' mg a T 'T SeQUenC8 CCdinS ,0r 3 hUman -' ike *™«*W«'"n ncn-CDR framework reoion 

K^srSES 3™ T CDRS ' wherein upon expressicn sai < po *™ « 

15 ' oSiT 86 aCCOfding t0 C ' aim 14 ^ Up ° n eXPreSSiCn 6nC0de the Chains an immunoglobulin 

' 16. A cell line transfeaed with a polynucleotide cr polynucleotides of claim 14 or claim 15. 

17. A process tor the preparation of a humanized immunoglobulin as defined in claim 13 which process comorises 
cuK.at.ngace.llineas defined -daim 16 and sorting the human^^ 

18. The use of an immunoglobulin of claim 13 ora binding fragment thereof in the manufacture of a medicament. 

19 " p A aient aCCCrdin9 * ^ * "** ** " ^ '° rtreatin 9 T ^ e " mediated dis ^ers in a human 

2a ^ 3 humani2ed immun09,obu,in ~ to c!aim 1 3 <™ in a 

21. A pharmaceu::cal preparation according to claim 20 and for the treatment of T-cell mediated disorders. 
Patentanspruche 

1. Die Verwendung von mindestens einer Aminosaure-SubsWution auGerhalb der die Komplementarftat besfonmen- 
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den Regionen (CDR's), wie bei Kabat et al. ('Sequences of Proteins of Immunological Interest', Kabat. E. et al.. 
US Department of Health and Human Services, (1963)) zusammen mit Chothia et al (Chothia and Lesk, J. Mol. 
BioL, 196:901-917 (1967)) definiert, fur die Herstellung von einem humanisierten Immunglobulin, in dem die Ami- 
nosaure-Substitution von der nicht-CDR-variablen Region vcn einem nicht menschlichen Donor-lmmunglcbulin ist, 
und in dem die Aminosauresequenz der variablen Region des humanisierten Immunglcbulins anders als die CDR's 
mindestens 70 Aminosaurereste identisch zu einer Aminosauresequenz der variablen Region von einem mensch- 
lichen Akzeptor-lmmunglobulin umfassea und in dem die CDR's von der variablen Region von dem nicht mensch- 
lichen Donor-lmmunglobulin sind. 

2. Verwendung nach Anspruch 1, wobei das humanisierte Immunglobulin spezifisch reaktiv fur p55 TAC-Prctein ist, 
fahig ist, die Bindung von menschlichem lnterleukin-2 (lL-2) zu einem menschlichem IL-2-Rezeptcr zu verhindern! 
Oder zur Bindung zu einem menschlichen IL-2-Rezeptor fahig ist 

3. Verwendung nach Anspruch 2, wobei das humanisierte Immunglobulin eine Bindungsaffinitat zu einem menschli- 
chen IL-2-Rezeptor von etwa 10 8 M~ 1 oder mehr zeigt. 

4. Verwendung nach Anspruch 2 Oder 3, wobei die Proteinsequenzen der leichten und schweren variablen Region 
von dem humanisierten Immunglobulin hcmolog zu der Sequenz des reifen Proteins in Figur 3 und 4 sind. 

S " ^ rW ® ndUn9 n3Ch Sinem der Ans P rQcne 1 • 4 - wcbei humanisierte Immunglobulin ein lgG 1 Immunglcbulin-lso- 

* 

6. Verwendung nach einem der Anspruche 1 - 5, wcbei die Substitution unmittelbar an eine CDR angrenzt. 

7. Ein Verfahren zur Herstellung einer humanisierten Immunglcbulinkette mit einer Rahmenregion vcn einem mensch- 
lichen Akzeptor-lmmunglobulin und mit die Komplementaritat bestimmenden Regionen (CDR's) vcn einem 
Donor-lmmunglobulin, die fahig sind, an ein Antigen zu bindea wobei das Verfahren die Substitution von mindestens 
einer nicht-CDR-Rahmen-Aminosaure des Akzeptor-lmmunglobulins durch eine korrespondierende Aminosaure 
vcn dem Donor-lmmunglobulin an einer Position in den Immunglobulinen umfaGt, wobei: 

(a) die Aminosaure in der menschlichen Rahmenregion des Akzeptor-lmmunglobulins selten fur diese Position 
ist und die korrespondierende Aminosaure in dem Dcncr-immungiccuiin haufig fur diese Position in menschli- 
chen Immunglcbulinsequenzen ist, Oder 

(b) die Aminosaure unmittelbar benachbart zu einer der CDR's ist Oder 

(c) die Aminosaure ein Seitenkettenatcm hat, das fahig ist, mit dem Antigen oder mrt den CDR's des humani- • 
sierten Immunglobulins zu interagieren. 

8. Ein Verfahren nach Anspruch 7, in dem mindestens drei der nicht CDR-Rahmen-Aminosauren substrtuiert sind 
durch Aminosauren des Donor-lmmunglobulins, ausgewahlt nach den Kriterien (a), (b) oder (c). 

9. Ein Verfahren nach Anspruch 8, wobei mindestens eine der durch den Donor substituierten Aminosauren unmittelbar 
an eine CDR angrenzt 

10. Ein Verfahren nach einem der Anspruche 7 - 9, wobei die Proteinsequenzen der reifen leichten und schweren 
variablen Region dieses humanisierten Immunglobulins homolog sind zu den Sequenzen des reifen Proteins in 
Figur 3 und 4. 

11. Eine humanisierte Immunglobulinkette, erhaltlich bei einer Verwendung nach einem der Anspruche 1 - 6. 

12. Eine humanisierte Immunglobulinkette, erhaltlich bei einem Verfahren nach einem der Anspruche 7-10. 

13. Ein humanisiertes Immunglobulin, in dem die schweren und leichten Ketten Ketten nach Anspruch 11 oder 12 sind. 

14. Ein Polynucleotid umfassend eine erste Sequenz kodierend fur eine nicht- CDR-Rahmenregion eines menschen- 
ahnlichen Immunglobulins und eine zweite Sequenz kodierend fur eine Oder mehrere CDR's, wobei das Polynu- 
cleotid eine Immunoglobulinkette nach Anspruch 11 oder 12 kodiert. 
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15. Polynucleotide nach Anspruch 14. die die Ketten kodieren. die ein Immunglcbulin nach Anspruch 13 bilden. 

16. Eine Zellinie transferiert mit einem Poiynuclectid Oder Polynucleotiden nach Anspruch 14 Oder Anspruch 15. 

17 ' !i i r^J hren 2UrHer ! te i lun 9 von einem humanisierten Immunglobulin nach Anspruch 13. wobei das Verfahren 
ZltotomrtlZurtM™ n3Ch A " SPriJCh 16 U " d di8 ISO,ierun9 des humanisierte ' 1 Immunglobulins aus dem 

18 ' e^fZ^ente^ lmmUn9,0bulinS d6S ^P™* 13 Oder eines Bindungsfragments davon fur die Herstellung 

19. Die Verwendung nach Anspruch 18. wobei das Medikament fur die Behandlung von T-Zellen-bedingter Storungen 
bei emem Menschen geeignet isL 

20. Eine pharmazeutische Zubereitung. die ein humanisiertes Immunglobulin nach Anspruch U zubereitet in einer 
. pharmazeutisch akzeptablen Form, enthalt. 

21. Eine pharmazeutische Zubereitung nach Anspruch 20 fur die Behandlung von T-Zellen-bedingter Storungen. 
Revendications 

1. Utilisation d'au moins une substitution d'amino acide hors des regions hypervariables. egalement dencmmees 
regions "COR- (Complementary Determining Regions) selon la definition de Kabat et al ('Sequences of proteins of 
Immunological Interest", Kabat, E., et al., US Department of Health and Human Services. (1 9S3)) ainsi que Chothia 
etal (Chothia and Lesk, J. MOL Biol.,;t96: 901-917 (1 967)) pour la production d'une immunoglobuline humanisee, 
ou ladite substitution d'amino acide provient de la region variable non-CDR d'une immunoglobuline donneur 
non-humaine et oil dans ladite immunoglobuline humanisee, la sequence en amino acides de la region variable 
autre que les regions CDR comprend au moins 70 residus d'amino acides identiques a la sequence en amino acides 
de la region vanable d'une immunoglobuline humaine accepteur, et les CDR proviennent de la region variable de 
ladite immunoglobuline donneur non-humaine. 

2. Utilisation selon la revendication 1 ou ladite immunoglobuline humanisee reagit specifiquement avec la proteine 
p5c Tac, est capable d'inhiber la liaison de l'interleukine-2 humaine (IL-2) a un recepteur IL-2 humain. ou est capable 
de se Her a un recepteur humain pour l'IL-2. 

3. Utilisation selon la revendication 2 oil ladite immunoglobuline humanisee possede une affinite de liaison pour un 
recepteur de l'IL-2 humain d'environ 10 8 M -1 ou plus. 

4. Utilisation selon la revendication 2 ou 3 oil les sequences proteiques matures de la region variable legere et lourde 
de ladite immunoglobuline humanisee sont homologues aux sequences proteiques matures des figures 3 et 4. 

5. Utilisation selon Tune quelconque des revendications 1 a 4 ou ladite immunoglobuline humanisee est une immu- 
noglobuline d'isotype lgG v 

6. Utilisation selon I'une quelconque des revendications 1 a 5 ou ladite substitution est immediatement adiacente a 
une CDR. ' 

7. Methode de production d'une chalne cfimmunoglobuline humanisee ayant une region charpente provenant d'une 
immunoglobuline accepteur humaine et des regions hypervariables (CDR) provenant d'une immunoglobuline don- 
neur capable de se fixer sur un antigene, ladite methode comprenant la substitution d'au moins un amino acide 
charpente non CDR de ('immunoglobuline accepteur par un amino acide correspondent provenant de I'immunoglo- 
buline donneur a une position dans les immunoglobulines ou: 

(a) I'amino acide dans la region charpente humaine de ('immunoglobuline accepteur et rare pour cette position 
et I'amino acide correspondent dans rimmunoglobuline donneur et commun pour ladite position dans les 
sequences d'immunoglobuline humaines; ou 

(b) I'amino acide est immediatement adjacent a rune des CDR; ou 
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(c) I'amino acide est suppose avoir un atcme sur une chaine laterale capable d'interagir avec I'antigene ou avec 
les COR de rimmunoglobuline humanisee. 

8. Methode selon la revendication 7 ou ii y a au moins trois des dix amino acides de la region charpente non-CDR qui 
sont substitues par des amino acides provenant de rimmunoglobuline donneur choisie en fonction des criteres (a) 
(b) ou (c). 

9. Methode selon la revendication 8 ou au moins I'un des amino acides substitues provenant du donneur est imme- 
diatement adjacent k une CDR. 

10. Methode selon Tune quelconque des revendications 7 k 9 ou les sequences proteiques matures des regions varia- 
bles legere at lourde de ladite imrhunoglobuline humanisee sont homologues aux sequences proteiques matures 
des figures 3 et 4. 

11. Chaine d'immunoglobuline humanisee qui peut §tre obtenue par une utilisation selon Tune quelconque des reven- 
dications 1 k 6. 

12. Chaine d'immunoglobuline humanisee qui peut §tre obtenue par une methode selon Tune quelconque des reven- 
dications 7 & 10. 

13. Immunoglobuline humanisee dans laquelle les chalnes lourdes et iegeres sont des chaTnes selon la revendications 
11 ou 12 

14. Polynucleotide comprenant une premiere sequence codant pour une region charpente non-CDR d'une immuno- 
globuline semblable k une region humaine ("human-like*) et une seconde sequence codant pour une ou plusieurs 
CDR ou lors de son expression ledit polynucleotide cede une chaine Rimmunoglobuline selon la revendication 11 
ou la revendication 12. 

15. Polynucleotides selon la revendication 14 qui lors de leur expression codent les chaines constituant une immuno- 
globuline selon la revendication 13. 

16. Ugnee cellulaire transferee avec un polynucleotide ou des polynucleotides selon la revendication 14 ou 15. 

17. Precede pour la preparation d'une immunoglobuline humanisee teJ que defini dans la revendication 1 3 comprenant 
la culture d'une lignee cellulaire telle que definie dans la revendication 16 et I'isolement de rimmunoglobuline huma- 
nisee du milieu de culture cellulaire. 

18. Utilisation d'une immunoglobuline selon la revendication 1 3 ou d'un fragment de liaison de celled pour la fabrication 
d'un medicament. 

19. Utilisation selon la revendication 18 ou le medicament est adapte au traitement des desordres medies par des 
cellules T chez un patient humain. 

20. Preparation pharmaceutique qui contient une immunoglobuline humanisee selon la revendication 13 formulae sous 
une forme phanmaceutiquement acceptable. 

21 . Preparation pharmaceutique selon la revendication 20 et pour le traitement des desordres medies par des cellules T. 
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10 20 30 40 50 60 

TCTAGATG Q6ATGGAG CT6 GATCTTTCTCTTCCTCCTG TCAGGTACCG CG6 GC6TGCACT 
MGWSWI FLFLLS GTAGYH 

70 80 90 100 110 120 

C7CAGGTCCAGC7TGTCCAGTC76GGGCTGAAGTCAAGAAACCTGGCTCGAGCG7GAAGG 
SQVQLVQSGAEVKKPGSSVK 

130 140 150 160 170 180 

TCTCCTGCAAGGCTTCTGG CTACAC CTTTACTAGCTACAGGATGCACTGGG TAAGGGAGG 
VSCKASGYT-FTSY RMHW'VRQ 

190 200 210 220 230 240 

CCCCTGGACAGGGTCTGGAATGGATTGGATATATTAATCCGTCGACTGGGTATACTGAAT 

APGQGLEWtGYI NPSTG YTE 

250 260 270 280 290 300 

AGAATCAGAAGT TGAAGGAGAAG GCAA CAATTACTG CAGACG AATGCAC CAATA CAGC CT 
YNQKFKDXATITADESTNTA 

310 320 330 340 350 360 

ACATGGAACTGAGCAGGC7GAGATCTGAGGACACGGCAGTC7ATTACTGTG CAAGAGGGG 
YME LSSLR-SEDTAVY YCARG 

370 380 390 400 410 „„ 420 

GG6GGGTCTTTGACTACTGGGGCCAAG6AACCCTGGTCACAGTCTCCTCAGGTGAGTCCT 

GGVFDYWGQGTIVTVSS 
430 

TAAAACCTCTA6A 



F1G.-3. 
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'0 20 30 40 50 fin 

TCTAGAT66A6 ACCGATACCCTCCTGCTATGSGTCCTCC T6CTA T6 66TCCCA6 6ATCAA 
NtTDTlLLWYLllWVPGS 

CCGGAGATATTCA6ATGACCCAGTCTCCA 9 TCTACCCTCTCTGCTA^ 

T G 0 1 0 M T Q S P S T L S A S V G 0 R 

TC ACCATAACCTGCT CTGCGAGGTCAAG^TATAAGTTACAT6 GACTGGTACCAG CA GAa'Ic 
' * l. CSASSS I SYHHWYO OK 

ISO 200 210 220 ?30 ?an 

CAGGCAAAGCTCCCAAGCTTCTAATTTATACCACATCCAACCTGGCTTCTGGAGTCCCTG 
bR APKLL ITTTSNLASGVP 

250 2B0 270 280 ?Pn *nn 

CTCGCTTCAGTGG CAGTGGATCTGGGACCGA6TTCACCCTCACA ATCAG CTCTCTGCAGC 
^RrSGSGSGTEFTLTlSSLQ 

CAGATGATTTCGCCACTTnTACTGCCAKAAAGGAGTA^TACCCA^ 
PODFATTYCHORSTYPLTFG 

370 380 390 4no 

AGGG GACGAAGG TGGAGGTCAAAGGTAAGTA CACTTTTCTAGA 
Q G T K V £ V K 

F16 4. 
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